Abstract. The electronic products continue to upgrade at present, how to recycle the discarded electronic products is one of the key research of green design. The method of active disassembly using smart material (ADSM) has acquired widespread concerns. For some products, there is a long distance between the internal active disassembly structure and shell, it needs a long time to reach to the stimulation temperature of internal active disassembly structure, and therefore, it is difficult to completely disassemble these discarded electric products by one step. Moreover, it is not conducive to recycling the material if the components and parts of the disassembly products are mixed together, and the efficiency of disassembly is very low. This paper puts forward multi-step active disassembly method of products, it gives specific procedures of classifying steps according to the principle of division, and it proves the feasibility and superiority of the multi-step active disassembly method of products by referring to mobile model.
Introduction
As the progress of society, the acceleration of technology development and the improvement of people's consumption, the number of Waste Electric and Electrical Equipment (WEEE) is growing. In the UK, it is about one million tons of WEEE per year, in Europe, WEEE account for 4% of all the wastes, and its growth rate is three times as the growth rate of other wastes. The materials of electrical and electronic products can not be broken up by biodegradation. Now, there is less and less space to store garbage, and the rapid growth of electrical and electronic products urgently needs to recycle and reuse these products [1] [2] [3] .
In recent years, along with the proposal and development of shape memory materials, the method of active disassembly using smart materials(ADSM) is applied to the disassembly of electrical and electronic products has caught widespread concerns [4] [5] [6] [7] [8] [9] [10] [11] . ADSM is mainly used in small electrical and electronic products, including mobile phones, computers, remote control etc. These products usually contain high-value recycling parts and components, and there are highly economic values for recycling these products, what is more, it can meet the requirement of waste disposal regulations. Harrison and Chiodo began to research the active disassembly from 1980. In March 1997, they created research team of ADSM and carried out relevant courses in design department of Brunel University. Some research institution and university like Brunel University and Nokia Research Center, University of Helsinki, Helsinki University of Art and Design and the Sharp Corporation of Japan carried out a series of research about ADSM, and obtained some achievement from the active disassembly test on players, radios, cell phones, etc [4] [5] [6] . Shown in Fig.1 [5.6] . Fig. 1 The active disassemble experiment of player and radio So far, domestic and international research of ADSM has mainly focused on how to make a specific product to achieve active disassembly. For some products, there is a long distance between the internal active disassembly structure and shell; therefore, the efficiency of disassembly is very low by one step. In addition, there are plenty of parts and components of some products, it is not conducive to sorting of the follow-up if the components are mixed together. Therefore, it demands to adopt multi-step active disassembly method of products to resolve the problem.
The Principle of Division of Multi-step Active Disassembly Products
The purpose of multi-step active disassembly is in order to save time; it is conducive to recycling the materials if the components and parts with the same or compatible materials are disassembled in the same step. When recycle the multi-step active disassembly products, first of all, classify the products into several steps, and then disassemble the products based on the every step. When classify the steps of multi-step active disassembly products, the below principles should be followed.
(1) The principle of disassembly There are some differences between disassembling parts in this paper and the traditional disassembling parts. The later only consider the relationship among all the parts, while the disassembling parts in multi-step active disassembly need to remove the constraints of other parts in the same step. The disassembling parts can be determined by the method of interference-freedom matrix [12] .
(2) The principle of the shortest disassembly time The main purpose of using multi-step active disassembly is in order to reduce disassembly time and raise disassembly efficiency. Therefore, when classify the steps of product; ensure the disassembly time of the parts if they are disassembled in the same step is shorter than the time needed when they are disassembled separately.
(3) The principle of compatibility of materials The manufacturing of every electronic product needs different materials because of functional requirements. When classify the steps of product, it is conducive to recycling the materials if the components and parts with the same or compatible materials are disassembled in the same step.
(4) The principle of easy sorting The parts disassembled in each step need to be sorted. It is more convenient to sort the parts if each step contains fewer parts. One provision in here is that the number of parts in each step is no more than 10.
There is little or no consideration of the principles of classifying steps during the design stage of products. Therefore, when determining the steps of active disassembly products, first of all, it needs to meet the principle of disassembly and the principle of the shortest disassembly time, and then meet the principle of compatibility of materials and the principle of easy sorting as much as possible. In addition, the parts which are prone to be damaged at the high temperature should be disassembled at first. And the parts need different stimulation medium should be disassembled in Advanced Materials Research Vols. 139-141different steps, which also requires the designers to adopt the same stimulation medium to parts in the same step when classifying the steps of products.
The Procedures of Classifying the Steps of Multi-step Active Disassembly Products
According to the principles of classifying the steps of multi-step active disassembly, the paper proposes the concrete procedures of classifying the steps of multi-step active disassembly products. Numbering the parts of product from outside to inside, the part nearer the inside, the number of the part is greater. 1 i n ≤ ≤ , i indicates the number of the parts, n indicates the quantity of the parts. The paper illustrates the procedures of classifying the steps of active disassembly by referring to an example of mobile model. Procedure 1: create the product model and analyze the connection of the product Product model is the foundation and premise of disassembly research; it makes the disassembly process be simulated on computer. Industrial design software Pro / E provides adequate possibility and convenience for creating product model.
In order to be simple and can explain the problem, this phone model consists five parts. Fig. 2 shows the configuration of the phone model. Number the parts according to the order from the outside to the inside, 1-front cover, 2 -battery compartment cover, 3 -LCD screen and the circuit board, 4 -battery, 5 -back cover. Battery is connected to the back cover by elastic sheet metal; the front cover and battery compartment cover are connected to the back cover by snaps. Fig. 2 The configuration of the phone mode Procedure 2: Select appropriate active disassembly structures to replace the original connections and optimize the product model.
When design active disassembly product, designer should make the original configuration based on traditional method, then select appropriate active disassembly structures and deploy them in the appropriate location of the product to achieve active disassembly. Finally, optimize the configuration and appearance of active disassembly product.
For this mobile phone model, the materials of the front cover, the battery compartment cover and back cover are made of PVC material which receives irradiation after casting. There are two L shaped slot in the area of back cover in order to place Ni-Ti memory alloy films which act as drive of disassembling the battery, the drive can be changed by changing the size of memory alloy films, shown in Fig. 3 . Fig. 3 The Ni-Ti memory alloy films before and after deformation Procedure 3: Check whether the optimized product model can meet the principle of active disassembly. If satisfied, then transfer to step 4, otherwise, return to step 2.
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The method of ADSM is according to the principle of shape memory alloy (SMA) or shape memory polymer (SMP) can automatically return to its original shape at the particular environment. SMA or SMP can be made into active disassembly structure such as intelligent drive or actively detachable fastener, and place them in the product when design and assemble the product. When recycle these products, just put the products at the stimulation condition (such as a certain temperature) of the active disassembly structure, these products can be disassembled actively. These active disassembly structures can not only meet the requirements of active disassembly, but also without affecting the normal use of the product.
The design of active disassembly structure of this phone model can not only meets the active disassembly, but also applies to disassemble the battery compartment cover at ordinary conditions. The temperature of normal use of mobile phone is below 40°C, here select the stimulation temperature of the active disassembly structures of the phone above 60°C, therefore, it will not affect the normal use of the mobile phone.
Procedure 4: For the multi-step active disassembly product, take the remaining parts of active disassembly product, order i=n and enter the next procedure.
For this phone model, order i=5, take 5 parts and enter the next procedure. Procedure 5: Check whether the i parts meet the principle of disassembly, if satisfied, then transfer to procedure 6, otherwise, order i=i-1, that is, get rid of the component in the most inside, and continue to verify whether the i-1 parts can meet the principle of disassembly, if satisfied, then end.
For this phone model, when i=5, it meets the principle of disassembly, then transfer to procedure 6.
Procedure 6: Check whether the i parts meet the principle of the shortest disassembly time, if satisfied, then transfer to procedure 7, otherwise, order i=i-1, that is, get rid of the component in the most inside, and continue to verify whether the i-1 parts can meet the principle of disassembly, if satisfied, then end.
For this phone model, it can be determined this phone model does not meet the principle of the shortest disassembly time when i=5 according to finite element analysis method. It dose not meet the principle either when i=4, it meets the principle of the shortest disassembly time until i=2, then enter procedure 7.
Procedure 7: compare the i th part to the part with the smallest number; check whether they meet the principle of compatibility of materials. If satisfied, then transfer to procedure 8, otherwise, order i=i-1, that is, get rid of the component in the most inside, and continue to verify whether the i-1 parts can meet the principle of disassembly, if satisfied, then end. For this phone model, when i=2, that is, the front cover and battery compartment cover are disassembled at the same procedure. Due to the materials of the front cover, the battery compartment cover are made of PVC material which receives irradiation after casting, they satisfy the principle of compatibility of materials, then enter procedure 8.
Procedure 8: Put the parts which have been checked through procedure 5, 6, 7 into the same step for disassembly, then enter procedure 9. G1, G2… Indicate the steps.
For this phone model, G1=(1, 2). Procedure 9: Check whether the product is completely disassembled, and if so, then end. If there are parts not disassembled, then transfer to procedure 5. Circle like this, until the product is completely disassembled.
For this phone model, the result is G2= (4), G3= (3, 5) . The composition of each step is shown in Table 1 .
It can get all steps of product through the above procedures; the disassembly order is G 1 , G 2 …. Ensure the stimulation temperature of each step increases in the way of gradient in order to achieve the purpose of multi-step active disassembly.
For the material of PVC which receives irradiation after casting, its stimulation temperature is in reverse proportion to the irradiation dose. For this phone model, select the stimulation temperature of active disassembly structure of G1 as 65°C. The active disassembly structure of G 2 applies Ni-Ti Advanced Materials Research Vols. 139-141memory alloy films; select its stimulation temperature as75°C. Select the stimulation temperature of active disassembly structure of G 3 as 85°C. Send each step to the different disassembly areas according to the stimulation temperature from low to high and complete the disassembly. 
